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.Analysis  of  the  terminal  displacement  fields  of 
fire  wire-mesh  copper  targets^ (described  in  a  previous 
report,  Ko^ll.  BA  56-054^3?-5565RD)  fired  at  hyper- 
velocity  hae-l^a^carried  out*  These  displacements 
beetr  used  to  compute  Lagrangian  strains  presuming 
cylindrioally  symmetric  flow  patterns.  The  second 
invariant  of  the  strain  tensor  hai^Seeh  calculated  and 
compared  to  hardness  profiles  taken  on  the  targets*  A 
sixth  specimen  was  impressed  statically  and  observations 
on  its  displacement  field  are  compared  with  the  dynamic 
ease* 

Regions  of  material  flow  have-been  observed 


qualitatively  and  arc  described  by  the  following  terms: 
a)^  evacuated  volume;  -^reverse  flow  to  form  the  lip; 

»v 

region  of  approximate  spherical  symmetry, 

ytaaHy^-jjrobloms  encountered  and  suggeetions 
for  further  work  are  inoludedfcnt  the  end  of  this  report  o 
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In  order  to  document  the  strain  and  displacement  fields 
occurring  in  targets  fired  at  hypervelocity,  five  copper  targets 
ware  formed  from  rectangular  plates  nominally  3/8"  z  3”  x  3M* 

Prior  to  joining  eight  such  plates  to  give  a  target  3”  x  3"  x  3"» 
shallow  grooves  were  machined  in  these  plates  and  oQ05"  nickel 
wire  was  placed  in  the  grooves  (see  Pig.  la).  After  joining  the 
plates  by  one  of  the  two  techniques  described  below,  the  targets 
contained  six  parallel  planes  of  two  dimensional  arrays  of  wires 
(see  Pig.  lb).  The  wires  in  any  plane  intersect  to  form  squares 
of  sides  5/8". 

After  firing,  the  target  was  sectioned  through  the  crater 
center  so  that  the  section  was  perpendicular  to  the  initial 
direction  of  one  of  the  sets  of  wires  which  formed  the  planar 
arrays.  Subsequent  lathe  cuts  (incremental)  parallel  to  this 
face  permit  documentation  of  the  terminal  position  of  this  set  of 
wires.  In  general,  only  cue  sot  of  wires  in  the  planar  array  gives 
information  by  this  section  technique.  It  is  necessary  to  have  two 
forming  the  orthogonal  network  in  order  to  have  a  choice  of  section 
direction  after  firing.  The  terminal  positions  of  the  wires  arc 
measured  using  a  oatlieton.e  tor.  The  accuracy  of  the  measurements 
is  +  .005  cm.  The  lathe  cuts  remained  within  0.02  in,  parallel  to 
the  rear  surface  (opposite  to  section  piano,  not  impact  direction) „ 
The  origin  of  the  coordinates  was  chosen  to  be  a  corner  of  the 
target  sufficiently  removed  from  the  crater  to  bo  undeformed. 

Tho  plates  were  joined  to  form  targets  by  one  of  two 


techniques s 


A*  A  diffusion  voiding:  technique  previously  doooribod  in 

Pro gross  Report  No#  11,  Contract  No.  M-36-034-0RD-5565RD. 
This  technique  introduced  a  copper-copper  oxide  interface 
between  the  plates. 

B.  Silver  odder  technique  r 

The  platoe  were  machined  ao  in  A.  to  3/8"  x  3"  x  3"  and 
shallow  parallel  grooves  of  3/8"  spacing  milled  into 
thorn*  The  plates  wore  wound  with  wire  and  stacked  to  form 
an  orthogonal  not.  The  silver  solder  sheets  placed  between 
the  platoo  formed  the  bond*  Stacks  were  compressed  to 
100,000  poi  in  steel  clasps.  Then  the  ensemble  was  placed 
in  a  furnaoo  at  l400°l?,  allowed  to  reach  temperature  and 
held  for  30  min.  After  this  they  wore  air  cooled. 

In  either  case  A  or  B,  the  targets  were  then  machined  to 
cubic  form 5  and,  after  etching  the  target,  the  initial  wire  po¬ 
sitions  wore  delineated  or.  the  four  lateral  f&coe* 

Obviously,  both  joining  techniques  introduce  interfaces 
which  may  of foot  tho  response  of  the  targets  to  tho  impaot.  The 
use  of  tx/o  joining  technique a  allows  an  examination  of  tho  effect 
of  tho  bond,  Tho  axis  of  impact  rolativo  to  tho  stacking  of  the 
platoo  was  varied  and  tho  thickness  of  tho  plato  containing  tho 
impact  surface  was  varied  also, 

Tho  tablo  bolow  give ci  some  qualitative  information  about 
tho  response*  of  tho  tax-got  as  a'f  foe  tod  by  tho  aforementioned 
paramo tors. 


Table  I 


Tgt. 

Ho. 

Vjf .p.8* 

E! 

(Joules) 

Bond 

Y  (om3) 
c 

31 

10,470 

2232 

Cu-CuO 

1-355 

S2 

10,580 

2205 

Silver  soldor 

1.573 

S3 

10,225 

2142 

Cu~CuO 

2.537 

34 

10,320 

2175 

Silvor~soldor 

1,443 

S5 

12,575 

3254 

Cu-GuO 

1*540 

liomarks : 

Axis  of 
Impaot 


'  -?A 


■V 


lo  SI  and  S2  have  displacement  fields  both  qualitatively  und 


quantitatively  similar, 

2.  In  S3  the  top  plate  was  milled  to  3/l6"  nominal  thickness. 


This  plato  split  fre.u  tho  rest  of  tho  target  upon  firing 


and  was  bent  to  a  convex  oh  ape  with  respect  to  tho  axis  of 
tho  striking  projectile a  Only  tho  top  plate  was  penetrated* 
Tho  vertical  displacement  (position  "dour."  or  negative  r,iipf') 
wore  largo r  than  that  in  SI  or  32* 

3*  S4  lias  smaller  vortical  dioplacononts  than  tho so  in  SI  c* 

S2  for  tho  same  initial  distance  from  tho  impact  ©ontor. 

4«  forgot  S5  split  along  on  interfaoo  at  the  center  of  tho  orator* 

Its  displacement  field  is  greater  ir.  magnitvdo  than  those  of 
targets  which  did  not  split.  Hovovctr,  S5  had  a  higher  impact 
energy* 

5.  Target  S6  was  improosod  statically  w.ith  a  stool  ball,  the 
lmproooion  boing  80$$  of  tho  volumo  o?'  orators  in  SI  and  8?. 

r. 

Tho  displacement  fxold  was  of  larger  raagnitu  io  at  the  same 
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distances  from  the  surface  and  extended  farther  into  the 
target  than  in  SI  or  S2,  The  total  work  dore  in  this 
case  was  50  Joules,  No  lip  was  formed  in  this  annealed 
"target,  ”  In  fact,  there  is  a  general  oinking  of  uiatorial 
ao  the  indentation  wan  approached. 

Those  results  (1.  through  5»)  aro  readily  seen  from  dis¬ 
placement  plots  at  the  end  of  this  report, 

V/o  male©  the  following  general  is  at  ion:  The  effect  of 


changing  the  orieniatic-n  of  the  platos  is  greater  than  tho  offoct 
of  changing  the  type  of  bond  so  long  as  splitting  does  not  oc^ur0 
It  is  felt  that  the  results  for  SJ  indicate  a  reflection  phenomenon 
of  either  a  tensile  release  wave  from  tho  free  surface  or  a  re¬ 
flected  compression  wave  from  tho  interface.  Another  possibility  of 
interpretation  is  bending-  due  to  inertia  forces  in  tho  flow  of 
material  to  fora  tho  lip. 

Prom  the  split  targets  S5  and  Sj3  it  was  possible  to  ascribe 
a  maximum  volume  for  tho  eg  acted  material  relative  to  tho  un&ofornicd 

■7 

targot.  This  volume  if  assumed  hoini spherical  is  loos  tha)i  50'^  of 
tho  terminal  crater  volume.  This  figure  agrees  quite  well  with 


tho  Bill,  mass  loos  measurements  on  2S  Al,  2024  A1  and  tough  pitch 
Cu  targets  (ooo  Progress  deport  No,  1), 


Derivation  of  the  Salopian  and  Lograngian  Displacement  Fielde* 

Throughout  this  paper  capital  letters  trill  designate 
Lagrangian  variables ,  lower  eaoo  lottora  will  designate  Eulorian 
variables*  The  Lngrangian  displacement  field  is  given  by  dis¬ 
placement  of  points  vorous  the  initial  position  of  the  points*  The 
iulcr ion  displacement  field  is  given  by  plots  of  displacement  versus 
terminal  positions* 

The  measurement  of  terminal  wire  positions  wore  plotted  for 
constant  cross  soctiono  (rig.  5-0  •  The  target  free  surfaces  were 


eosunod  undeformed  end  tiv 
on  those  plots*  Results  •: 


, initial  wire  positions  were  ouporpeood 
•io&l  of  a  section  arc  shown  (Fig.  5b)* 


Consideration  of  the  data  indicates  that  one  must  make  oomo 


aanuraptlon  about  the  oyitr-try  character  of  tho  diaplaconont  field 
in  order  to  determine  froai  -.-hat  initial  position  points  on  tho 
terminal  lino  came.  Hardness  contours  and  displacement  plots  indl- 

■■9 

cate  that  on  cucia  of  aymctxy  pusses  through  the  conter  of  tho  orator 
perpendicular  to  the  impact  surface.  The  subsequent  choice  of  the 
coordinate  system  is  shown  (Fig.  7)* 

On  tho  uo sumption  of  cylindrical  symmetry,  displacement o  in 
tho  H  directions  are  duplicated  in  the  x  diroctioroj  it  is  tlion 
possible  to  compute  or  to  r.oaouro  (with  dividers)  tho  initial 
position  and  dioplaoomont  from  plots  ouch  as  5b*  Tho  displacements 


in  tho  7j  direction  are  designated  W*  Tho  dir.plncemonts  An  tho  B 
direction  arc  designated  v.  Plots  in  figuroa  (6,  5,  4)  give  vector* 


dioplaoomont  from  initial  pooition,  displacement  vorouo  initial 
position  and  dloplacomct.t  vorciuo  final  position*  Boforo  calculating 


tho  finite  Lagrangian  strains  wo  shall  discuss  some  approximations 
and  tho  general  character  of  the  flow  field# 

Adjacent  to  the  crater  surface  is  a  region  of  reverse  flow 

» 

to  form  the  lip#  Wires  are  observed  extending  into  tho  lip.  In 
2S  A2  targets  macro etched  as  fired,  grain  elongation  along  tho  crater 
wall  shows  that  considerable  plastic  flow  is  associated  with  a  region 
approximately  as  wide  an  tho  maximum  lip  width.  This  region  has  a 
maximum  width  of  #4  cm  in  tho  targets  examined#  Tho  ejecta  volume 
which  has  been  discussed  previously  is  depicted  in  ITig.  8  also#  A 
largo  region  of  tho  target  (shown  in  Pig.  0)  has  an  approximately 
radial  displacement  field.  Displacements  calculated  under  this 
assumption  arc  plotted  in  Pigs.  9-10  and  on  equation  io  fitted  to 
tho  data,# 


Calculations  of  finite  Lagrangian  strain  have  boon  made 
(it  io  not  possible  to  approximate  the  derivations  for  the 
Eulcrian  strains).  Once  the  Lagrangian  strain  tensor  Is  derived# 
its  second  invariant  is  calculated  and  plotted  in  a  terminal 
configuration  (Pig.  11).  It  was  originally  felt  that  this  invariant 
should  ho  relatod  to  the  energy  absorbed  and  hence  to  hardness  pro¬ 
files  taken  on  the  targets.  Such  hardness  profiles  were  made  (Pig.  12) 


and  wore  compared  with  the  contour  plot  of  the  calculated  second  in« 
variant.  Ilowovor,  it  is  now  felt  that  tho  energy  absorbed  (or  tho 
hardness  level)  is  more  likely  some  function  of  all  throe  invariants 
of  the  otrain  tensor. 

In  tho  course  of  thin  work  vo  have  demonstrated  the  ability 
to  perform  measurements  to  document  tho  terminal  displacement  field, 
l/o  havo  discovered  certain  aapocto  of  this  field  in  regiono  removed 
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from  the  crater.  An  ejecta  volume  has  been  identified  which 
correlates  with  previous  data  in  the  field.  A  region  of  reversed 
flow  to  form  the  lip  has  been  identified.  The  orientation  of  the 
interfaces  relative  to  the  aria  of  impact  has  been  observed  to 
affect  the  character  of  the  deformation  field. 

Problems s 

1.  The  initial  grid  size  in  these  targets  was  such  that  only- 
two  or,  at  most,  four  wires  were  close  enough  to  the  crater 
to  yield  mch  information. 

2.  Only  one  wire  (in  S5)  was  actually  in  the  shear  flow  region 
adjacent  to  the  crater. 

3.  The  difference  between  macroscopic  and  microscopic  strains 
points  observed  to  undergo  small  displacements  have  relatively 
high  hardness  levels.  This  technique  may  not  adapt  itself  to 
direct  measurement  of  dilatational  strains  (where  small  strains 
may  correspond  to  very  high  energy  absorption). 

4.  The  reaction  of  a  particle,  of  material  first  being  pushed  and 
then  pulled  (redundant  work)  will  not  appear  in  this  terminal 
documentation. 

Suggestions s 

1.  Targets  containi'.ig  a  finer  rteah  will  be  fired  in  order  to 
document  flow  near  the  crater. 

2.  The  relation  between  hardness  and  the  strain  invariants  will 
be  investigated. 

3.  Higher  energy  targets  will  lead  to  a  search  for  similarity 

in  the  flow  field  below  the  crater,  i.e*  we  hope  to  answer  the 
question  of  how  this  flow  field  changes  with  velocity  or 
crater  oize/shape  energy,  etc. 
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